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We report a case of a newborn with tetrasomy 18p who presents with both a congenital diaphragmatic
hernia and a giant hiatal hernia. While these two hernias have been rarely reported together in the
newborn period, this represents the ﬁrst associationwith the chromosomal abnormality of tetrasomy 18p.
 2014 The Authors. Published by Elsevier Inc. All rights reserved.Tetrasomy 18p is the most common isochromosome, yet it re-
mains a rare congenital disorder. It has been associatedwith growth
retardation, gastroesophageal reﬂux and microcephaly, but there
have been no previous report of simultaneous congenital dia-
phragmatic hernia and hiatal hernia in these patients. We describe
the diagnosis and surgical management of such a case.
1. Case report
A2700gmale infantwasbornatanestimatedgestational ageof36
weeks to a 50 year old G6P2032 white female. The mother suffered
from gestational diabetes and was blood type A negative. The fetus
wasdiagnosedwitha left congenital diaphragmatichernia (CDH) ona
28weekgestationultrasound.A second trimester fetalMRI (magnetic
resonance imaging) conﬁrmed the diagnosis of CDH and suggested
organoaxial rotation of the stomach (Fig. 1). A fetal echocardiogram
revealed a small mid-muscular ventricular septal defect, mild car-
diomegaly, and trivial tricuspid regurgitation. MaterniT21 test for
trisomy 21 which was done antenatally showed low risk.
The infant was delivered by Caesarian section secondary to
spontaneous premature rupture of membranes and a previousBY-NC-ND license (http://
Hopkins Medicine, 601 Fifth
, USA. Tel.: þ1727 767 4109;
ielson).
Published by Elsevier Inc. All righmaternal Caesarian section. His Apgar scores were 4 and 9 at 1 and
5 min, respectively. The patient was intubated in the delivery room
for respiratory support. Upon arrival in the NICU, chest radiographs
initially suggested a lucency in the more central portion of chest
raising the question of a Morgagni hernia (Fig. 2), but subsequent
lateral viewswere consistent with a posterior-lateral diaphragmatic
defect (Fig. 3). He had no obvious external anomalies apart from
foot deformities, a high arch palate, and tight clenching of his ﬁn-
gers. These ﬁndings raised concern for a congenital syndrome and
prompted a genetic work-up that ultimately diagnosed tetrasomy
18p (this result became available day of life eight).
On the ﬁrst day of life, an echocardiogram revealed signiﬁcant
pulmonary hypertension. The patient required oscillatory ventila-
tion support and inhalednitric oxide therapyaswell as treatment for
hypotension with vasopressors and hydrocortisone. By day of life
seven he had transitioned to conventional ventilation and under-
wentoperation.A left thoracoscopic approachwasundertakenusing
a 3mm, 30 telescope; one 3mmworking port; and CO2 insufﬂation
up to4mmHg. Findings included ahypoplastic left lung. Therewas a
central diaphragmatic defect that did not reﬂect a typical Bochdalek
or Morgagni hernia nor an eventration. There was a normal
circumferential rim of diaphragmatic muscle and central tendon;
however, therewas a defect in the center of the diaphragm. This hole
represented approximately 30% of the diaphragm’s surface and was
associatedwith a sac. No organswere noted in the thorax, and itwas
presumed that the insufﬂation had reduced the sac and any other
solid organs or hollow viscus that may have been contained in the
hernia. It was only discovered later that the thoracic stomach notedts reserved.
Fig. 1. Fetal MRI demonstrating suspected organo-axial rotation of stomach within the
chest.
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containedwithin the diaphragmatic hernia sac. Therewas nonote of
ahiatal herniaduring thoracoscopyand thiswas thought tobedue to
the intrathoracic pressure reducing the hiatal hernia contents.
The diaphragmatic defect was closed by imbricating the sac and
edge of central tendon using a hollow needle technique. The 18
gage spinal needle was introduced transthoracically and theFig. 2. Chest radiograph (AP) after birth showing lucency in the central and left chest.
Fig. 3. Chest radiograph (lateral) after birth suggesting posterior defect.working instrument reefed the tissue onto the needle. A 2-0 poly-
ester suture was then threaded through the spinal needle before it
was withdrawn. Both ends of the suture were then retrieved from
the pleural cavity via the working port and tied using an extracor-
poreal/knot pusher technique.
The patient tolerated the procedure well; however, on the second
post-operativedaya central, retrosternal lucency reappearedonchest
radiograph (Fig. 4). The patient was brought back to the operating
room for presumed recurrence. Diagnostic laparoscopy revealed a
giant hiatal hernia containing stomach and transverse colon (Fig. 5). It
was assumed that the hiatal hernia had gone unnoticed during the
previous thoracoscopy due to the insufﬂation reducing the stomach
back into the abdominal cavity from the mediatinum. The previous
left diaphragmatic defect repair was intact.
The case was converted to an open procedure through an upper
midline incision. The hiatal herniawas repaired by reapproximating
the crura anteriorly using 2-0 polyester sutures and bolstering this
with an anterior fundoplication. Postoperative recovery was un-
eventful with extubation on the third day. The patient tolerated
enteral tubes feeds and demonstrated adequate weight gain;
however, he was unable to feed orally. For that reason, a percuta-
neous endoscopic gastrostomy tube was placed to allow adequate
nutrition as an outpatient. The poor oral feeding was attributed to
his underlying genetic disorder.
Fig. 4. Chest radiograph (AP) two days after diaphragmatic hernia repair showing
return of central chest lucency.
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Tetrasomy of 18p is a rare disorder. It has a prevalence of 1 in
80,000 live births and affects both genders equally [1]. It is the most
common isochromosome reported [2]. Diagnosis can be establishedFig. 5. Intraoperative laparoscopic view of wide defect in crura of esophageal hiatus.
Stomach is visible in mediastinum.antenatally or postnatally. In our case, antenatal genetic screening
was normal, and tetrasomy was detected on postnatal chromo-
somal analysis. High maternal and paternal age can be associated
[1] with Tetrasome 18p, and both parents are over age 50 in our
case.
Clinical characteristics of tetrasomy 18p have been well
described and include growth retardation, high arched palate,
microcephaly, abnormalities of muscle tone, neonatal feeding dif-
ﬁculties, strabismus, hearing difﬁculties, and brain MRI variants [3].
Our patient has high arched palate, foot deformity, tone abnor-
malities, and neonatal feeding difﬁculties. Gastroesophageal reﬂux
is also another clinical manifestation [3], but there have been no
reports of an association with both a hiatal hernia and a congenital
diaphragmatic hernia in a patient with tetrasomy 18p.
There have been cases of simultaneous CDH and hiatal hernia
in patients without chromosomal abnormalities. Pathological GER
and the presence of hiatal hernia in patients who have undergone
CDH repair are both known long term complications [4]. Koziar-
kiewicz et al. demonstrated pathological gastroesohageal reﬂux
disease (GERD) and hiatal hernia in 5 of 50 long term follow up
cases of CDH. Of these ﬁve patients, the diagnosis was made from 3
weeks to 24 months of age. In 1994, Nagaya et al. followed post-
operative CDH patients and found a hiatal hernia in 6 of the 10
patients who subsequently developed GER [5].
Trisomy 13, 18, and 21 and 45, X are the most common aneu-
ploidies described in association with CDH [6]. Structural abnor-
malitiesdincluding deletions, duplications, inversions, and
translocationsdof nearly all chromosomes have also been
described in association with CDH [7,8].
The largest series of tetrasomy 18p patients reported 15 of 42
with GERD; however, that series makes no mention of hiatal
hernia [3]. Since a hiatal hernia predisposes to GERD, it may be
that this anatomic ﬁnding is under diagnosed or under reported. In
our case, fetal MRI had demonstrated the presence of the stomach
in the thorax. Organoaxial volvulus was raised as a concern since it
was thought the stomach had herniated through a classic Boch-
dalek defect. In retrospect, the presence of the hiatal hernia with
the stomach in the posterior mediastinum explains the MRI
ﬁndings.3. Conclusion
It is also important to note that a hiatal hernia is not easily
appreciated by thoracoscopy, particularly if a small amount of
insufﬂation is employed. Therefore, in patients with 18p chromo-
somal abnormalities, suspected diaphragmatic defects may be
better approached by laparoscopy or laparotomy in order to
visualize any associated defects and thus allow for simultaneous
repair.Consent
Written informed consent was obtained from the patient for
publication of this case report and accompanying images. A copy of
the written consent is available for review by the Editor-in-Chief of
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